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Angled Product Transfer Conveyor

Field of the Invention
This 1nvention relates to a vacuum conveyor for transporting pattern-cut sheet
materials which may be used to advantage in conjunction with rotary die cutting

apparatus.

Background of the Invention
U.S. Pat. No. 3,285,112 discloses a method and apparatus for sheet handling

which 1ncludes use of a vacuum belt having a continuous row of spaced perforations
along its central longitudinal line which interacts with a single vacuum chamber. The
disclosed vacuum belt receives a sheet from a knife cutting mechanism and releases the
sheet to a sheet stacking mechanism.
U.S. Pat. No. 3,861,259 discloses a method and apparatus for transporting
sheets cut by use of a knife cutting mechanism employing vacuum belt mechanisms.
U.S. Pat. No. 5,078,375 discloses a method and apparatus for transporting webs

employing a vacuum drum which also serves as an anvil for outtihg the webs.

Summary of the Invention |

Briefly, the present invention provides a vacuum conveyo% for transporting sheet
materials comprising an endless perforated belt which extends ov{er a first vacuum plate
having first longitudinal openings and over a second vacuum plate having second
longitudinal openings, where the first and second vacuum plates are situated at different
angles relative to l}orizontal. The first and second longitudinal openings in the first and
second vacuum plates may communicate with first and second vacuum chambers,
respectively, maintained at first and second sub-ambient air pressures.

In another aspect, the present invention provides an apparatus for cutting and

transporting sheet materials comprising a vacuum conveyor comprising an endless

_1-



10

15

20

25

30

CA 02480938 2004-09-30
WO 03/084848 PCT/US03/04269

perforated belt which extends over first and second vacuum plates, which may be
maintained at different pressures and angles relative to horizontal, and a rotary die
cutter. The rotary die cutter 1s adapted to cut a continuous web mto cut workpieces, and
the vacuum conveyor and rotary die cutter are arranged such that an emerging portion
of a cut workpiece may become held by the vacuum conveyor before 1t is fully
separated from the continuous web. The drive mechanism for propelling the endless
perforated belt may be geared with the rotary die cutter so that the linear surface
velocity of the endless perforated belt 1s equal to or more typically greater than the
linear surface velocity of the rotary die cutter.

What has not been described 1n the art, and 1s provided by the present invention,
1S a vacuum conveyor having two pressure zones at two angles so as to provide
differentiated conditions for workpieces entering and leaving the conveyor.

It 1s an advantage of the present invention to provide an apparatus capable of
transporting pattern-cut sheet materials from a rotary die-cutting apparatus to a

destination such as a laminating nip with accurate registration.

Brief Description of the Drawing

Fig. 1 illustrates a vacuum conveyor according to the present invention.

Fig. 2 1llustrates the vacuum conveyor depicted in Fig. 1 without the endless

perforated belt.

Detailed Description of Preferred Embodiments

With reference to Figs. 1 and 2, a vacuum conveyor according to the present
imvention comprises endless perforated belt 10 perforated with belt holes 11. The belt
may be made of any suitable material, including polymers, rubbers, fabrics, composites,
and the like, provided that the outer surface 1s compatible with the workpieces to be
transported on the belt. Endless perforated belt 10 passes over first vacuum plate 20
having longitudinal openings 21 and second vacuum plate 30 having longitudinal
openings 31. Belt holes 11 are arranged 1n rows aligned with longitudinal openings 21,
31. Typically, each vacuum plate 20, 30 has at least two longitudinal openings 21, 31
aligned with at least two rows of belt holes 11. More typically, each vacuum plate 20,

0.
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30 has four or more longitudinal openings 21, 31 aligned with four or more rows of belt
holes 11, so as to enable the vacuum conveyor to grip workpieces of varying sizes
across the majority of their width. :I‘ypically workpieces might include thin sheet
materials die-cut in arbitrary shapes, as discussed more fully below. In the embodiment
as depicted, endless perforated belt 10 is typically driven in the clockwise direction
toward the vacuum plate which angles downward for delivery of the workpiece.

Longitudinal openings 21, 31 in first and second vacuum plates 20, 30
communicate with first and second vacuum chambers (not shown), respectively. First
and second vacuum chambers are maintained at first and second sub-ambient air
pressures, such that the sub-ambient air pressures tend to hold workpieces to endless
perforated belt 10. First and second sub-ambient air pressures may be the same or
different. Where first and second sub-ambient air pressures are different, the first sub-
ambient air pressure is typically less than the second, enabling the conveyor to better
hold workpieces coming onto the conveyor at locations over first vacuum plate 20 and
release workpieces leaving the conveyor from locations over second vacuum plate 30.
The first and second vacuum chambers are maintained at first and second sub-ambient
air pressures by any suitable means. The vacuum chambers may be functionally
connected to one or more sources of sub-ambient air pressure such as vacuum pumps
and the like.

First vacuum plate 20 is situated at a first angle relative to horizontal, which is
approximately 0°. Second vacuum plate 30 is situated at second angle relative to
horizontal, which is approximately -45°. Typically, the first and second angles are not
equal. Typically, the first angle is between 30° and -30° relative to horizontal and said
second angle is between -30° and -90° relative to horizontal. More typically, the first
angle 1s between 5° and -5° relative to horizontal and said second angle is between -40°
and -50° relative to horizontal. These angles are advantageous where the conveyor
according to the present invention is employed to receive a workpiece from a rotary die
cutter and deliver the workpiece downward into a laminating nip, as discussed more
fully below.

First and second vacuum plates 20, 30 are mounted to a frame made up of one

or more frame elements 40. Endless perforated belt 10 passes over a number of rollers
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60, 70 rotatably mounted to frame elements 40. A first roller is hidden in Figs. 1 and 2
by transfer plate 50. Endless perforated belt 10 passes over a second roller 60 and a
third roller 70. Endless perforated belt 10 also passes through drive mechanism 80
powered by servo motor 90.

The conveyor according to the present invention may be used to advantage in
concert with a rotary die cutter which cuts workpieces from a web of workpiece
material. The vacuum conveyor and the rotary die cutter are arranged such that an
emerging portion of a workpiece being cut from the web of workpiece material can
become held by the action of the first sub-ambient pressure in the first vacuum
chamber, drawing air through the first vacuum plate and the endless perforated belt,
before the workpiece is fully separated from the web of workpiece material. The drive
mechanism for propelling the endless perforated belt may be geared with the drive
mechanism driving the rotary die cutter. Gearing may be accomplished by any suitable
method of gearing or synchronization, including mechanical and electronic gearing.
The linear surface velocity of the endless perforated belt may be equal to or greater than
the linear surface velocity of the rotary die cutter. A greater velocity enables the
conveyor to space apart workpieces as they emerge from the cutter.

In one embodiment, this web is catalyst decal material, which comprises a thin
layer of a catalyst dispersion on a backing layer. In this embodiment, the conveyor
according to the present invention transports pattern-cut workpieces of this catalyst
decal material from a rotary die cutter to a laminating nip. At the laminating nip, the
catalyst 1s laminated onto a membrane, which is polymer electrolyte membrane, to form
a membrane electrode assembly used in the manufacture of fuel cells. The decal
backing layer is subsequently removed. In this embodiment, two rotary die cutters and
two vacuum belt conveyors are employed to deliver symmetrical workpieces to each
side of the laminating nip simultaneously. The conveyors according to the present
nvention can take hold of pattern-cut workpieces before they are fully cut and transport
them under positive grip, and can therefore deliver them to both sides of the laminating
nip simultaneously with accurate registration.

This mvention is useful in the manufacture of articles laminated on two sides

with pattern-cut sheet materials in accurate registration, which might include fuel cell
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membrane electrode assemblies. Pattern-cut sheet materials or workpieces are typically
shapes other than four-sided parallelograms, which might be made by knife cutting
mechanisms. More typically, pattern-cut sheet materials or workpieces are die-cut or
rotary die-cut. Accurate registration typically means that the perimeters of the pattern-
cut sheet materials match to within 1 mm, more typically 0.5 mm, more typically 250
um, and more typically 125 pum.

Various modifications and alterations of this invention will become apparent to
those skilled in the art without departing from the scope and principles of this
invention, and it should be understood that this invention is not to be unduly limited to

the illustrative embodiments set forth hereinabove.
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We claim:
1. A vacuum conveyor for transporting sheet materials comprising an endless

perforated belt, wherein said perforated belt extends over a first vacuum plate situated
at a first angle relative to horizontal having first longitudinal openings, and wherein
said perforated belt extends over a second vacuum plate having situated at a second
angle relative to horizontal which is not equal to said first angle second longitudinal

openings.

2. The vacuum conveyor according to claim 1 wherein said first longitudinal
openings communicate with a first vacuum chamber maintained at a first sub-ambient
air pressure, and wherein said second longitudinal openings communicate with a second

vacuum chamber maintained at a second sub-ambient air pressure.

3. The vacuum conveyor according to claim 1 wherein said first angle 1s between
30° and -30° relative to horizontal and said second angle is between -30° and -90°

relative to horizontal.

4. The vacuum conveyor according to claim 1 wherein said first angle 1s between
5° and -5° relative to horizontal and said second angle is between -40° and -50° relative

to horizontal.

5. The vacuum conveyor according to claim 2 wherein said sécond sub-ambient air
pressure is not equal to said first sub-ambient air pressure; additionally comprising a
first source of sub-ambient air pressure functionally connected to said first vacuum
chanib er and additionally comprising a second source of sub-ambient air pressure

functionally connected to said second vacuum chamber.

0. The vacuum conveyor according to claim 3 wherein said first longitudinal
openings communicate with a first vacuum chamber maintained at a first sub-ambient
air pressure, and wherein said second longitudinal openings communicate with a second

vacuum chamber maintained at a second sub-ambient air pressure, wherein said second
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sub-ambient air pressure 1s not equal to said first sub-ambient air pressure; additionally
comprising a first source of sub-ambient air pressure functionally connected to said first
vacuum chamber and additionally comprising a second source of sub-ambient air

pressure functionally connected to said second vacuum chamber.

7. The vacuum conveyor according to claim 4 wherein said first longitudinal
openings communicate with a first vacuum chamber maintained at a first sub-ambient
air pressure, and wherein said second longitudinal openings communicate with a second
vacuum chamber maintained at a second sub-ambient air pressure, wherein said second
sub-ambient air pressure is not equal to said first sub-ambient air pressure; additionally
comprising a first source of sub-ambient air pressure functionally connected to said first
vacuum chamber and additionally comprising a second source of sub-ambient air

pressure functionally connected to said second vacuum chamber.

8. The vacuum conveyor according to claim 1 additionally comprising:

a frame, wherein a first roller 1s rotatably attached to said frame, said first
vacuum plate 1s attached to said frame, a second roller is rotatably attached to said
frame, said second vacuum plate is attached to said frame, and a third roller rotatably is
attached to said frame, wherein said endless perforated belt passes over said rollers and
plates m the recited order; and

a drive mechanism for propelling said endless perforated belt over said rollers

and plates.

9. The vacuum conveyor according to claim 2 additionally comprising:

a frame, wherein a first roller 1s rotatably attached to said frame, said first
vacuum plate 1s attached to said frame, a second roller is rotatably attached to said
frame, said second vacuum plate is attached to said frame, and a third roller rotatably is
attached to said frame, wherein said endless perforated belt passes over said rollers and
plates 1n the recited order; and

a drive mechanism for propelling said endless perforated belt over said rollers

and plates.
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10.  The vacuum conveyor according to claim 6 additionally comprising:

a frame, wherein a first roller is rotatably attached to said frame, said first
vacuum plate 1s attached to said frame, a second roller is rotatably attached to said
frame, said second vacuum plate is attached to said frame, and a third roller rotatably is
attached to said frame, wherein said endless perforated belt passes over said rollers and
plates 1n the recited order; and

a drive mechanism for propelling said endless perforated belt over said rollers

and plates.

11. An apparatus for cutting and transporting sheet materials comprising a vacuum
conveyor according to claim 1 and a rotary die cutter, said rotary die cutter being
adapted to cut a continuous web so as to form cut workpieces, wherein said vacuum
conveyor and rotary die cutter are arranged such that an emerging portion of a cut
workpiece may become held by the action of a vacuum, drawn through said perforated

belt and said first vacuum plate, before said cut workpiece is fully separated from said

continuous web.

12. An apparatus for cutting and transporting sheet materials comprising a vacuum
conveyor according to claim 2 and a rotary die cutter, said rotary die cutter being
adapted to cut a continuous web so as to form cut workpieces, wherein said vacuum
conveyor and rotary die cutter are arranged such that an emerging portion of a cut
workpiece may become held by the action of a vacuum, drawn from said first vacuum
chamber through said perforated belt and said first vacuum plate, before said cut

workpiece 1s fully separated from said continuous web.

13. An apparatus for cutting and transporting sheet materials cComprising a vacuum

conveyor according to claim 6 and a rotary die cutter, said rotary die cutter being
adapted to cut a continuous web so as to form cut workpieces, wherein said vacuum
conveyor and rotary die cutter are arranged such that an emerging portion of a cut

workpiece may become held by the action of a vacuum, drawn from said first vacuum
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chamber through said perforated belt and said first vacuum plate, before said cut

workpiece 1s fully separated from said continuous web.

14, An apparatus for cutting and transporting sheet materials comprising a vacuum
conveyor according to claim 8 and a rotary die cutter, said rotary die cutter being
adapted to cut a continuous web so as to form cut workpieces, wherein said vacuum
conveyor and rotary die cutter are arranged such that an emerging portion of a cut
workpiece may become held by the action of a vacuum, drawn through said perforated
belt and said first vacuum plate, before said cut workpiece is fully separated from said

continuous web.

15. An apparatus for cutting and transporting sheet materials comprising a vacuum
conveyor according to claim 9 and a rotary die cutter, said rotary die cutter being
adapted to cut a continuous web so as to form cut workpieces, wherein said vacuum
conveyor and rotary die cutter are arranged such that an emerging portion of a cut
workpiece may become held by the action of a vacuum, drawn from said first vacuum
chamber through said perforated belt and said first vacuum plate, before said cut

workpiece 1s fully separated from said continuous web.

16.  An apparatus for cutting and transporting sheet materials comprising a vacuum
conveyor according to claim 10 and a rotary die cutter, said rotary die cutter being
adapted to cut a continuous web so as to form cut workpieces, wherein said vacuum
conveyor and rotary die cutter are arranged such that an emerging portion of a cut
workpiece may become held by the action of a vacuum, drawn from said first vacuum
chamber through said perforated belt and said first vacuum plate, before said cut

workpiece 1s fully separated from said continuous web.

17. An apparatus for cutting and transporting sheet materials according to claim 14
wherein said drive mechanism for propelling said endless perforated belt is geared with
said rotary die cutter such that the linear surface velocity of said endless perforated belt

1s greater than the linear surface velocity of said rotary die cutter.
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18. - An apparatus for cutting and transporting sheet materials according to claim 15
wherein said drive mechanism for propelling said endless perforated belt is geared with
said rotary die cutter such that the linear surface velocity of said endless perforated belt

1s greater than the linear surface velocity of said rotary die cutter.

19.  An apparatus for cutting and transporting sheet materials according to claim 16
wherein said drive mechanism for propelling said endless perforated belt is geared with
said rotary die cutter such that the linear surface velocity of said endless perforated belt

1s greater than the linear surface velocity of said rotary die cutter.

20.  The vacuum conveyor according to claim 1 comprising four or more first

longitudinal openings and comprising four or more second longitudinal openings.

21.  The vacuum conveyor according to claim 2 comprising four or more first

longitudinal openings and comprising four or more second longitudinal openings.

22.  The vacuum conveyor according to claim 3 comprising four or more first

longitudinal openings and comprising four or more second longitudinal openings.
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